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@ Substituted propane-phosphonous acid compounds. 
@ The compounds of the formula 

O R* R' 

HO^e I I I 

P - CH - CH - CH - NH, I 

H 

in which one of the groups R\ and represents 
hydrogen, Ct-s-alkyI, Ca-e-cycloallcyl, phenyl optionally sub- 
stituted by hatogeno, C,-4-alykl, Ci-4-alkoxy and/or tri- 
fluoromethyl, or C7-io*phenylalkyl optionally substituted in 
^ the phenyl moiety by halogeno, Ci-4-alkyI, Ci-4-aIkoxy and/or 
^ trifluormethyl. and the other two are hydrogen, or salts 
thereof. 

CO These compounds have valuable pharmaceutical prop- 

n erties; 
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Substituted Propane-Phosphonous Add Compounds 



The present Invention relates to new S-amlnopropanephosphonous 
adds, processes for their production and their use as pharma- 
ceuticals. 

The present invention provides compounds of the formula I, 



In which one of the groups Ri , R« and R» represents hydrogen. 
Ci-8-alkyl, C3-,-cycloalkyl. phenyl optionally substituted by 
halogeno. Ci-u-alkyl, C,-*-alkoxy and/'or trlf luoromethyl . or 
C7-,o-phenylalkyl optionally substituted In the phenyl moiety by 
halogeno, Ci-„-alkyl. C,-*-alkoxy and/'or trlf luoromethyl . and the 
other two are hydrogen; as well aa salts therof . 

A phenyl group may have one or more than one. preferably at most two 
of the same or different substltuents. 

Alkyl may be e.g. methyl, ethyl, n-propyl, Isopropyl. n-butyl. 
sec-butyl (2-methylpropyl) or t-butyl, as well as n-pentyl. 
n-hexyl, n-heptyl or n-octyl. 

Cycloalkyl may be e.g. cyclopropyl. cydobutyl or cyclopentyl but is 
preferably cydohexyl. 

Alkoxy may be e.g. methoxy, ethoxy. n-propoxy, Isopropoxy. n-butoxy. 
sec-butoxy or t-butoxy. 
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Halogeno Is preferably fluoro or chloro, as well as broxno. 

Phenylalkyl groups are e.g. benzyl* 1- or 2-phenylethyl, 2- or 
3-phenylpropyl or 4-phenylbutyl groups, each optionally substitiuted 
In the phenyl portion as described hereinbefore. 

Salts of the compounds of the formula I are particularly pharma- 
ceutlcally acceptable salts thereof, such as the corresponding 
addition salts with acids, as well as the salts with bases. Suitable 
acids for the formation of acid addition salts are, for example, 
mineral acids, such as hydrochloric, hydrobromic, sulphuric or 
phosphoric acid, or organic acids, such as organic sulphonic acids, 
for example, benzeneaulphonic, 4-toluenesulphonic or methane*- 
sulphonic acid, and organic carboxylic acids, such as acetic, 
lactic, palmitic, stearic, malic, maleic, fumaric, tartaric, 
ascorbic or citric acid. Salts with bases are, for example, alkali 
metal or alkaline earth metal salts, such as sodium, potassium, 
calcium or magnesium salts, or ammonium salts, such as those with 
aimnonla or suitable organic amines, e.g. diethylamine , di-(2- 
hydroxyethyl) -amine or tri-(2-hydroxy ethyl) -amine. The compounds of 
the formula 1 may also form inner salts. 

Depending on the presence of asymmetric carbon atoms, the compounds 
of this invention may be in the form of mixtures of Isomers, 
particularly racemates, or in the form of pure isomers, parti- 
cularly optical antipodes. 

Preferred are compounds of formula I, wherein and are each 
hydrogen and R^ is hydrogen, phenyl optionally substituted as 
hereinbefore defined, especially hydrogen, or halogeno-phenyl , and 
most especially hydrogen or primarily A-chlorophenyl or 4-fluoro- 
phenyl; or salts, such as pharmaceutically acceptable salts thereof. 
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The present Invention also provides a first proceas for the 
production of compounds of formula 1 comprising. In a precursor 
conpound of foraula II 



^ "X. ■■ ■ ■ L 

iif— z II 



In which R». R» and R» have their previous significance, Z Is -NHz 
or a protected aalno group Z°, Q i« hydrogen or a protecting 
group q". and r'' is hydrogen. Ci-»-alkyl. or an alkali »etal or 
anmonlun cation, replacing the group R*", when It Is alkyl, by 
hydrogen or by an alkali metal or amonlu. cation, and replacing the 
group Q. when It Is a protecting group Q*». by hydrogen, and conver- 
ting the group Z, when It Is a protected amino group Z**, Into -HHa. 
to produce a compound of formula I. 

Depending on the groups Involved, the replacement and conversion 
operations may be carried out In any sequence or simultaneously by 
methods which are well-known per se. 

If desired, a resulting salt may be converted into the free compound 
or Into another salt and/or. if deaired. a reaulting free compound 
-ay be converted into a salt and/or. If deaired. a resulting mixture 
of isomers may be separated into the single isomers. 

Typical protected amino groups Z* are acyla-ino groups such as 
acetylamlnc, phthallmldo. benzyloxycarbonylamino or tert-butoxy- 
carbonylamlno groups or l-aryl-Cx-..-alkyla«ino groups e.g. benzyl- 
amino. 

Optional protecting groups Q** are those known in the art and 
described in EP 0 009 348 and Auat. J. Chem. 33. 292 (1980), e.g. 
groups having the formula -C(C,-^-alkyl)(OR")OR'», in particular 
groups having the formula -CH<OR*)OR** in which R* and R*' 
are each C,-„-alkyl and especially a group having the formula 

-CH(OC8H5)2. 
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The replacement of an alkyl group In compounds of formula II 
by hydrogen may be effected by treatment with a suitable 
nucleophlllc reagent such as an alkali metal hydroxide, e.g. sodium 
hydroxide, an alkali metal halide, particularly bromide or iodide 
such as lithxum bromide or sodium iodide, thiourea, an alkali metal 
thiophenolate such as sodium thiophenolate . The replacement reaction 
may be carried out in the absence or presence of a solvent and, if 
necessary, while cooling or heating, in a closed vessel and/or under 
an atmosphere of an inert gas. 

The replacement of the group Q*^ and/or the group R*^ in which R^ is 
Ci-i| -alkyl in- compounds of formula II by hydrogen may be effected by 
treatment with an acid under hydrolytic conditions, especially with 
a mineral acid such as a hydrohalic acid e.g. hydrochloric acid 
which is used in dilute or concentrated aqueous form, or by treat- 
ment with ah organic silyl halide such as trimethyl-silyl iodide or 
bromide, followed by hydt^olysis. The reaction is preferably conduc- 
ted at elevated temperature e.g. while refluxing the reaction 
mixture and, if necessary using an organic diluent, in a closed 
vessel and/or under an atmosphere of an inert gas. 

Protected amino group may be converted into free amino according 
to known methods, which are selected according to the characteris- 
tics of the protected amino group to be converted into amino, such 
as solvolytic or hydrogenolytic procedures, for example, hydrolysis 
in the presence of an acid or a base, acidolysis, e.g. treatment 
with trifluoroacetic acid, treatment with hydrazine, or hydrogenoly- 
sis in the presence of a metallic hydrogenation catalyst, or any 
other suitable procedure, provided that the hydrogenation/catalyst 
method cannot be employed for compounds of formula II wherein Q is 
hydrogen. 
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It Is preferred that all protecting groups are converted, and 
Q** each being converted to H and Z° being converted to NHz, in a 
single step, by treatment with an acid, preferably a hydrohalic 
acid, especially hydrochloric acid, under hydrolytic conditions. 

The starting materials of formula II are new compounds, and form 
part of the present invention. Thus starting materials of formula II 
wherein , R* , , R^, Q and Z have their previous significance, 
provided that, when R^ and Q are each hydrogen R^ may not be alkyl, 
are new compounds and form part of this invention. The new compounds 
of formula II may be prepared, for example, by various methods 
according to the nature of the group X in the formula IV defined 
hereinafter, by reacting, in the presence of a basic catalyst or in 
the presence of agents forming free radicals, a compound of the 
formula III, 




III 



in which R and Q have their previous significance, with a 
compound of formula IV, 



IV 



in which R* and R' have their previous significance and X is a 
group capable of being converted into a group of formula la. 



la 



wherein R* and Z have their previous significance, in order to 
produce a compound of formula V, 

In— Ih— X ^ 
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wherein , R^ , R*=, Q and X have their previous significance, and 
then converting the group X into a group of formula la, to produce a 
compound of formula II. 



A group X is primarily cyano but may also represent carbamoyl, a 
group of formula lb. 



I 



-CH— Z"^ lb 



In which R^ and 2^ have their previous significance; or X is a 
group of formula Ic, 



-c=y Ic 

in which R^ has its previous significance and -6-Y is an optionally 
functionally modified carbonyl group such as a corresponding ketal 
or thioketal group, including a corresponding cyclic group. 

When, in a compound of formula III, Q is a protecting group Q° and 
R is Ci-i#-alkyl and, in the compound of formula IV, X Is an 

23 



activating group Xa such as cyano or -C»0, then either a basic 
catalyst or a free radical catalyst may be employed. When, however, 
the same compounds of formula III are reacted with compounds of 
formula IV in which X is e.g. a residue of formula lb, then free 
radical catalysts are required. 

A basic catalyst used in the first step may be e.g. an alkali metal 
Ci-i,-alkoxide, for example, a sodium or potassium Ci-u-alkoxide, in 
particular sodium methoxide, sodium ethoxide or potassium tert- 
butoxlde, an alkaline or alkaline earth metal fluoride, such as 
potassium fluoride or caesium fluoride, or an alkali metal hydride* 
such as sodium hydride. The reaction may be effected with or without 
the use of an added solvent. If a solvent Is added, this is prefer- 



BNSDOCID: <EP 0181B33A1J_> 



0181833 

- 7 - 

ably an alcohol. In particular a C,-,-alkanol corresponding to the 
alkoxlde used as basic catalyst. The reaction te»perature iay vary 
fro» 0"C to the boiling point of any added solvent. 

Agents forming free radicals are, for example. ionlBlng and 
ultra-violet radiation, peroxy compounds, such as inorganic peroxy 
compounds, e.g. hydrogen peroxide or ammonium per sulfate, or 
organic peroxides, e.g. benzoyl peroxide or tert-butyl peroxide, 
or organic azo compounds, e.g. azo-bla-lsobutyronltrlle. Reactions 
Involving free radical-forming agents may be conducted in the 
optional presence of a solvent and, if necessary, while cooling or 
heating, in a closed vessel and/or In an atmosphere of an inert gas. 

The conversion of a group X into the group la is carried out 
according to known methods. Cyano and carbamoyl are converted into 
amlnoaethyl by reduction , cyano . for example, by hydrogenation in 
the presence of a suitable catalyst, e.g. Raney nickel and of a 
solvent, such as ethanol, which may preferably contain ammonia, and 
carbamoyl, for example, by treatment with a suitable hydride 
reducing agent, such as borane in tetrahydrofuran. provided that the 
hydrogenation/catalyst method cannot be employed for compounds of 
formula V in which Q la hydrogen. 

Protected amino group Z*» may be converted into -NH^ as described 
hereinbefore. 

The conversion of a group X in the compounds of formula V, 1„ which 
X is a group Ic. in which Y is oxygeft. into the group of the formula 
la is carried out by known reductive amination procedures, e.g. 
treatment with sodium cyanoborohydrlde in the presence of ammonium 
acetate in a suitable solvent, such as dloxane. and while cooling, 
e.g. at about O'c. 



Compounds of formula III are either known or may be prepared by 
known methods viz. those described in Aust. J. Chem. 33. 292 
(1980) or EP 0 009 348. 
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Compounds of formula IV are either known or can be prepared by known 
methods* 

Specific examples of compounds of formula III include: 

methyl ( dime thoxyme thy l)pho8phonlte, 

ethyl (dime thoxyme thyDphosphonlte , 

n-propyl (dlmethoxymethyDphosphonite , 

i-propyl ( dime thoxyme thy Dphosphonite , 

n-butyl (dimethoxymethyl)phosphonlte 

methyl ( die thoxjrme thy Dphosphonite 

n-propyl (diethox3nDe thy Dphosphonite, 

n-butyl (dlethoxyme thyDphosphonlte 

methyl ( 1 , l-dlmethoxyethyDphosphonlte 

ethyl (1 ,1 -dime thoxye thyDphosphonlte 

ethyl (1 ,1-dlethoxyethy Dphosphonite 

©ethyl (1 ,1-dimethoxybutyDphosphonite 

preferred are methyl (dlmethoxymethyDphosphonite, 

ethyl (diethoxymethyDphosphonite, 

methyl ( 1 , 1-dlmethoxyethyl )phosphonite » 

ethyl (l,l-dlethoxyethyl)phosphonlte 

especially preferred is ethyl (dlethoxyme thyDphosphonlte. 

The compounds of the formula V in which Q Is (f particularly those. 
In which X is a cyano group or represents a group of the formula Ic 
may also be prepared by reacting a compound of the formula YI, 




VI 
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m which Q has Its previous significance. R- Is C^-.-alkyl and 
each R Independently Is C,-e-alkyl. preferably C-^-alkyl parti- 
cularly »ethyl, the groups R- and r'^ being the .a»e or different. 
With a compound of the formula VII, 



Hal — CH— <!:h — x 



VII 



m which R» and R^ have their previous significance and X has the 
previously given neanlng. but Is primarily cyano or a group of the 
formula Ic, and Hal stands for halogeno. such as lodo. bron,o or 
chloro. The reaction Is preferably carried out under the conditions 
of the Arbusov method, e.g. at a reaction temperature ranging from 
roo» temperature to an elevated temperature, e.g. 160«C, while 
removing the trlalkyl sllyl hallde formed in the reaction. 

Furthermore the compounds of formula V In which Q is q" and X Is an 
activating group Xa such as cyano or -L. may be prepared by 
reacting a compound of formula VI. as defined above, with a compound 
of formula IV wherein Ri . R. and X have their previous significance. 
The reaction Is preferably conducted umier the general conditions 
of the Michael addition reaction, e.g. at a temperature range 
between room temperature and SQ-C. In the presence or. more likely 
in the absence of an inert solvent. 



The sllyl reagents of the formula VI are new and form part of this 
invention. Preferred compounds of formula VI are those having the 
formula VIA, 



f-o. ^o-sirJ 



^ ^ VIA 



Wherein R , R . r" ,d ^^^^ ^^^^^ ^^^^^^^^ significance and 
la hydrogen or C,-,-alkyl. such as ethyl trlmethylsilyl (dlethoxy- 
«ethyl)phosphonlte. methyl trlmethylsilyl (dlmethoxymethyl)- 
Phosphonlte. or ethyl trlmethylsilyl (l.l-dlethoxyethyl)phospho„lte. 
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The compoundB of formula VI may be prepared by reaction, optionally 
In the presence of basic catalyst, of a conpound having the 
formula III In which Q Is Q** and Vl" la alkyl. viz. a compound having 
the formula IIIA 



o/ IIIA 
Q 



in which Q° and R*^° have their previous significance; preferably 
a compound having the formula IIIB 



R«_0^ NL_« IIIB 



in which r", and R^ have their previous significance and R" is 
hydrogen or Cj-n-alkyl. with an appropriate silylating agent, e.g. 
trimethylsilyl chloride, dimethyl-tert-butyl-silyl chloride or 
dimethyl<2,3-dimethyl-2-butyl)silylchlorlde in the presence of a 
tertiary base, e.g. pyridine or triethyl-amine , hexamethyl 
disilazane, l-trlmethylsilyl-imidazole, or l-(dimethyl-tert- 
butyl-sllyD-lmldazole, or any other suitable silylating agent. 

The process conditions employed vary depending on the particular 
silylating agent used. The reaction temperature ranges from about 
-20'C to about 150"C, and the reaction may be conducted with or 
without the use of an inert solvent, such as e.g. diethyl ether, 
toluene, tetrahydrofuran or dloxan. Alternatively, an excess of the 
silylating agent may be used as diluent. While the molar ratio of 
the silylating agent to the compound of the formula IIIA or IIIB 
is conveniently 1:1, molar excess amounts of the silylating agent 
may be used to advantage in certain cases. 

Compounds of formula VII are either known or may be prepared by 
known methods. 
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The compounds of fonnula 1 „ay also be prepared by. m a compound 
having the foraula VIII, 

CH— CH— X VIII 

m which Ri. RZ and X have their prevloua algnlf Icance . converting 
the group X into a group of fomula Id, 



-CH — miz 



Id 



wherein r3 has Its previous significance, to produce a compound of 

formula I. 

The conversion of the group X Into a group of formula Id «ay be 
effected by any of the methods described hereinbefore In relation to 
the production of starting .laterlals of forsmla II. 

The above reaction Is carried out according to known methods. In the 
absence or presence of a solvent, which -ay also serve as a reagent 
if necessary, while cooling or heating. In a closed vessel and/or In 
the atmosphere of an Inert gas. 

The starting materials of the formula VIII may be prepared, for 
example, from compounds of the formula V by converting the group 
R -0- Into hydroxy, the reaction being carried out according to the 
previously described procedure, e.g. by acidic hydrolysis, such as 
by treatment with an aqueous mineral add. e.g. hydrochloric acid, 
or by treatment with a nudeophlllc reagent and simultaneously or 
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subsequently converting any group Q which is into hydrogen. 



Compounds of formula II in which , , R^ have their previous 
significance, is R*^° and Q is Q** which has its previous 
significance may also be prepared by reducing a compound of 
formula IX 



CH — CH — CH 



H— NO2 IX 



by known methods e.g. by catalytic hydrogenation. 

Compounds of formula IX may be prepared by reacting a compound of 
formula X 



in the form of the anion XI » 



«co ^ 
R -K), 



XI 

in which R* , Q° and R^^ have their previous significance and M 
is an alkali or transition metal atom, preferably lithium with a 
compound of formula XII, 

72 n3 



in which and R^ have their previous significance. Compounds of 
formula XI may be prepared by reacting a compound of formula X with 
a base containing a metal atom M wherein If has its previous 
significance. 
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Co»pound« of for«ula IX and the process for their preparation are 
new and form part of this Invention. 

The base used In the first step »ay be e.g. a Ci-,-alkyl lithium, a 
C2-»-alk.yl lithium amide or a metal amide, preferably lithium 
dllsopropylamlde. The reaction oay be effected with the use of an 
aprotlc solvent, preferably an ether, in particular tetrahydrofuran. 
The reaction temperature may vary from to room temperature, 

under an atmosphere of Inert gas. 

The compounds of formula X are known (EP 0 009 348) or may be 
prepared by known methods. 

Compounds of formula XII are known and may be prepared by known 

procedures • 



Compounds of formula V, 



^t— Ih— X 



wherein R*= and r2 have their previous significance. Q is a protec- 
ting group q'* wherein Q** has its previous significance, *R» Is 
hydrogen and X is an activating group Xa selected from groups X as 
hereinbefore defined and being a group capable of being converted 
into a group of formula la. -CH(r9)-2, wherein R' is H and 2 has its 
previous significance, may also be prepared by reacting a compound 
of formula VA 



Hz — CHa- Xa VA 



In the form of the anion VB 
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«2 — CH — Xa H 

e 



VB 



wherein Q^, R*^^ and M, Xa have their previous significance with 
a compound of formula XIII 

LR* XIII 



in which R^ has its previous significance and L Is a leaving group 



e.g. halogeno or tosyl. Said process as a means of introducing the 
group r2 Is of value merely if R^ is different from hydrogen. 

The starting materials of formula Va are known or may be prepared 
according to methods described for known compounds of formula VA for 
example the methods described in European Patent Application 
£P 0 009 348. 

Depending on the process conditions used, the compounds of the 
formula I are obtained in free form (Zwitterion) or in the form of 
their salts. The free compounds can be obtained from the salts in a 
manner known per se, the acid addition salts by treatment with 
suitable basic reagents, and the salts with bases by treatment with 
suitable acidic reagents. Acid addition salts can be obtained from 
the free compounds by reaction with acids or anion exchange prepara- 
tions, salts with bases by treatment of the free compounds with 
bases or suitable cation exchange techniques. 

The compounds, including their salts, can also be obtained in the 
form of their hydrates, or include other solvents used for the 
crystallization. 

Due to the close relationship between the new compounds in free form 
and in the form of their salts, hereinbefore and hereinafter the 
term "free compounds" shall, If desired, also Include the salts 
thereof, and the term "salts" shall. If desired also Include the 
free compounds, where appropriate according to meaning and purpose. 
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Mixtures of isomers of compounds of the formula I may be separated 
into the single isomers according to known methods. Racemates may be 
resolved, using known classical techniques, into individual optical 
antipodes, forming diastereomeric salts, using e.g. optically active 
salt-forming acids, such as <+)- or (-')-tartarie acid or !)-(♦)- 
camphor sulfonic acid, or optically active salt-forming bases, e.g. 
(•f)- or (-)«-a-methyl'*benzylamine, separating the diastereomeric 
salts and liberating the desired free optical antipodes from the 
separated salts. 

The invention relates also to those embodiments of the process > in 
which a compound obtained as an intermediate at any stage of the 
process is used as starting material and the remaining process steps 
are carried out, or in which a starting material is formed under the 
reaction conditions or is used in the form of a derivative, for 
example, a salt. 

In the process of the present invention, the starting materials used 
are preferably those that result in the compounds described at the 
beginning as especially valuable. 

The compounds of this invention have been found to have very strong 
affinities towards GABA^ receptor sites with inhibitory concen- 
trations of 1 to 100 nmol/1. Activity of at least 20 times more 
pronounced than that of baclofen is observed with representative 
compounds of formula I. Agonists at the GABA^ receptor sites, in 
analogy to baclofen, can be used as muscle relaxants in spinal 
spasticity, multiple sclerosis and cerebral palsy; in addition they 
are expected to be active in trigeminus neuralgia, in drug with- 
drawal syndroms, and as analgesics. Compounds conbining^ GABA^ and 
GABA^ receptor agonist properties may be active as antidepressants. 

Antagonists on the other hand are expected to act as muscle 
stimulants and to be active in muscular atrophy, dystrophy and 
weakness associated for example with Parkinsonisn and Erb's 
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paralysis. As GABA^ receptor antagonists are expected to increase 
glutamate and aspartate release during neurotransihission, a positive 
effect in information processing in the brain may be anticipated. 

Representative compounds of the invention have been shown to be 
active at the GABA^ receptor site with ICso^^alues as low as 35 nM, 
as a muscle relaxant (rotarod mice IDso-valuee of 6—9 mg/kg i.p.), 
as an analgesic (phenylquinone writhing in mice EDso-values of 
4 mg/kg p-o.) and as an anticonvulsant (audiogenic seizures in 
DBA/2 mice, IDso^values of 6 mg/kg i.p.)* At a dose of 200 mg/kg 
i.p. no deaths were observed* 

Compounds of the invention depending on their pharmacological 
profiles are claimed to be active as muscle relaxants, muscle 
stimulants, analgesics, anticonvulsants, antidepressants, nootropics 
and drugs reducing drug withdrawal syndroms. 

The aforementioned advantageous properties render the compounds of 
this invention of great value as specific therapeutic agents for 
mammals including man. 

The present invention relates also to pharmaceutical preparations 
containing compounds of the formula I or pharmaceutically acceptable 
salts thereof. These preparations may be used especially in the 
above-mentioned indications, if they are administered orally or 
parenterally, such as intravenously, intramuscularly or subcutane- 
ously. The necessary dose depends on the particular disorder to be 
treated, its severity and the duration of therapy. The number and 
quantity of the individual doses and also the administration scheme 
is best determined on the basis of an Individual examination of the 
host concerned, these methods being known to those skilled in the 
art. As a rule, however, a therapeutically active quantity of a 
compound of this invention is in the dosage range of about 0.1 to 10 
mg/kg body weight per day. The pharmaceutical preparations are 
manufactured according to known methods, using standard auxiliary 
substances. 
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The following exainples are Intended to illustrate the Invention and 
are not to be construed as being limitations thereon. All parts 
wherever given are parts by weight. If not mentioned otherwise, all 
evaporations under reduced pressure are preferably performed between 
about 20 and 130 nbar. The data designated as ^^P are phosphorus- 
31-NhR data. 

£xar:ple 1 ; 

a) A solotlon of 5.4 g of ethyl 3-aininopropyl (diethoxymethyl)- 
p!)o;;pbii5ate in 30 ml of 36 % aqueous hydrochloric acid is heated to 
ruflv.x under an atmosphere of nitrogen for a period of 3 hours « The 
reaction zilxture is then allowed to cool to room temperature, 
concentrated under reduced pressure and co-evaporated twice with 

10 ml of water under reduced pressure. The crude product is 
dissolved in 50 ml of dry methanol, the solution is cooled to 0**C, 
and 5 ml of propylene oxide is added d^opwise. The mixture is 
concentrated under reduced pressure, triturated with 50 ml of 
..rbsnol and the crude product is filtered off. Recrystallisation 
from a mixture of ethanol and methanol yields 3-amlnopropyl- 
phosphonous acid, m,p. 209-213*C, - + 28.2 ppm (D2O). 

b) The starting material can be prepared as follows: 

A solution of 20 g of ethyl (dlethoxymethyDphosphonite (Aust. J. 
Chem. 33, 292 (1980)) and 5 g of acrylonltrlle in 25 ml of 
ethanol Is added to a stirred mixture of 1 g of sodium hydride (50 % 
dispersion in oil) in 25 ml of ethanol at O^^C under an atmosphere of 
nitrogen. The reaction mixture is allowed to warm to room tempera- 
ture and stirred for 4 hours. 1 ml of glacial acetic acid is added 
and the mixture is concentrated under reduced pressure. The resul- 
ting crude product is dissolved In 50 ml of ethyl acetate, washed 
twice with 26 ml of water, and the organic extract Is dried over 
magnesium sulphate, and then concentrated under reduced pressure. 
The crude product Is distilled under reduced pressure to give ethyl 
2-cy3noethyl (diethoxymethyl)pho8phlnate» b.p. 114''C/0.01 mbar» 
^^P - + 40.8 ppm (CDCla). 
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This product can also be prepared as follows: 

A solution of 10.6 g of ethyl (diethoxymethyDphosphonite in 9 g of 
hexanethyldisilasane is heated to reflux under an atmosphere of 
nitrogen for a period of 3 hours. The reaction mixture is allowed to 
cool to 20**C and then distilled under reduced pressure to give ethyl 
trixnethylsilyl (dlethoxymethyl)phosphonite, b,p. 51**C at 0.01 mbar, 
- + 146.9 ppm (CDCI3). 

Reaction of ethyl trlmethyl si lyl( diethoxymethyDphosphonite with 
3-chloroproplonitrile yields ethyl 2-cyanoethyl(diethoxymethyl) 
phosphinate, identical with the above compound. 

A solution of 9.6 g of ethyl 2-cyanoethyl(diethoxymethyl)phos- 
phinate in 450 ml of ethanol is added to 82 g of an 8 % solution of 
animonia in ethanol. To this is added 5 ml of Raney Nickel and the 
resulting mixture is hydrogenated at 1 bar until the theoretical 
amount of hydrogen has been taken up. The mixture Is then filtered, 
the filtrate is concentrated under reduced pressure and the crude 
product is distilled to give ethyl 3-aminopropyl(diethoxymethyl) 
phosphlnate, b.p. ISO^'C/O.Ol mbar, ^ip . + 45^4 (CDCI3). 

Example 2 ; Further compounds, which are prepared according to the 
process hereinbefore described and illustrated in Example 1, are, 
for example, those of the following table: 



a) hydrogen 



b) 
c) 
d) 
e) 



hydrogen 
hydrogen 
hydrogen 
hydrogen 



4-chlorophenyl 

2-methylphenyl 

4— bromophenyl 

2-methox)rphenyl 

3 , 4— dimethoxyphenyl 



hydrogen 

(RS, R or S forms) 

hydrogen 
hydrogen 
hydrogen 
hydrogen 
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8) 
h) 
1) 
J) 



hydrogen 

hydrogen 
hydrogen 
hydrogen 
hydrogen 



^-trifluoromethyl- 
phenyl 

3, 4~dlchlorophenyl 
Bec-butyl 
n-octyl 
4-chloroben2yl 



hydrogen 

hjrdrogen 
hydrogen 
hydrogen 
hydrogen 



Example 3 

a) A solution of 14.1 g of ethyl 3-aBlno-l-Bethylpropyl(dlethoxy- 
methyDphoaphlnate In 50 nl of 36 % aqueous hydrochloric acid Is 
heated to reflux for a period of 5 hours. The reaction »lxt«re Is 
then allowed to cool to room temperature, concentrated under reduced 
pressure and co-evaporated twice with 20 .1 of water under reduced 
pressure. The crude product Is then dissolved in 20 b1 of water, 
washed twice with 20 .1 of ai.thyl ether and the aqueous layer is 
then separated and evaporated under reduced pressure. The crude 
product is dissolved In 50 »1 of dry ethanol and 5 .1 of propylene 
oxide is added dropwlse to produce an oily solid. This product Is 
then passed down an Ion exchange resin column «ade from Dowex 50W-X2 
and eluted with water. Fractions showing a nlnhydrin positive test 
are co»bined and evaporated under reduced pressure to give 3-as.ino- 
l-«ethyl-propylphosphonous acid as a hygroscopic solid i».p. 55-60»C. 
**P - 35.1 ppm (D2O). 



b) The starting naterial nay be prepared as follows: 
A solution of 23,5 g of ethyl (dlethoxy«thyl)pho»phonite and 6.7 g 
of crotononltrile in 30 nl of dry ethanol is added to a stirred 
«lxture of 1.2 g of sodium hydride (50 % dispersion in oil) In 30 »1 
of ethanol at O'C under an atmosphere of nitrogen. The reaction 
mixture Is allowed to warn to room temperature and stirred for 
4 hours. 1 ml of glacial acetic acid is added and the mixture 
concentrated under reduced pressure. The resulting crude product is 
dissolved in 50 ml of ethyl acetate, washed twice with 25 nl of 
water, and the organic extract is dried over magnesium sulphate, 
and then concentrated under reduced preasure. The crude product is 
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distilled under reduced pressure to give ethyl 2-cyano-l -methyl- 
ethyl (die thoxymethyDphosphinate, b.p. 116**C/0.01 mbar, 
« + 42.2 and + 42.0 ppm (CDCI3). 

A solution of 17.0 g of ethyl l-Methyl-2-cyanoethyl(dlethoxyiiiethyl)- 
phosphlnate in 150 ml of ethanol is added to 155.0 g of an 8 % 
solution of ammonia in ethanol. To this are added 10 ml of Raney 
Nickel and the resulting mixture is hydrogenated at 1 bar until the 
theoretical amount of hydrogen has been taken up. The mixture is 
then filtered and the filtrate Is concentrated under reduced 
pressure and the crude product is distilled under reduced pressure 
to give ethyl 3-amlno-l-methylpropyl(diethoxymethyl)phosphinate, 
b,p. 140'*C/0.01 mbar, - + 47.0 and + 46.7 ppm (CDCI3). 

Example 4 

a) A solution of 6.0 g of ethyl 3-amino-2-methylpropyl(diethoxy- 
methyDphosphinate in 30 ml of 36 % aqueous hydrochloric acid is 
heated to reflux for a period of 7 hours. The reaction mixture is 
then allowed to cool to room temperature* concentrated under reduced 
pressure and co-evaporated twice with 10 ml of water under reduced 
pressure. The crude product is dissolved in 50 ml of dry ethanol and 
5 ml of propylene oxide is added dropwise. The precipitated solid Is 
collected by filtration and dried to give 3~amino-2-inethylpropyl- 
phosphonous acid monohydrate, m.p. 96— 100^ C, ^^P •> + 25.8 ppm (DeO). 

b) The starting material may be prepared as follows: 

A solution of 23.5 g of ethyl (dlethoxymethyl)phosphonite and 6.7 g 
of methacrylonitrlle in 30 ml of ethanol is added dropwise to a 
stirred mixture of 1.2 g of sodium hydride (50 % dispersion In oil) 
in 30 ml of ethanol at O^C under an atmosphere of nitrogen. The 
reaction mixture is allowed to warm to room temperature and stirred 
for 4 hours. 1 ml of glacial acetic acid Is added and the mixture la 
concentrated under reduced pressure. The resulting crude product Is 
dissolved In 50 ml of ethyl acetate* washed twice with 25 ml of 
water* and the organic extract la dried over magnesium sulphate* and 
then concentrated under reduced pressure* The crude product Is 
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distilled under reduced pressure to give ethyl-2-cyanopropyl(dlethoxy- 
methyDphosphlnate, b.p. lie^C/O.Ol «bar, - + 40.4 and 

♦ 40.3 ppn (CDCI3). 

A solution of 17.0 g of ethyl 2-cyanopropyl(dlethoxy«ethyl)- 
phosphlnate in 150 «1 of ethanol Is added to 155 g of an 8 % 
solution of anmonla in ethanol. To this are added 10 ml of Raney 
Nickel and the resulting nixture Is hydrogenated at 1 bar until the 
theoretical amount of hydrogen has been taken up. The nixture is 
then filtered, the filtrate is concentrated under reduced pressure 
and the crude product la distilled under reduced pressure to give 
ethyl 3-amino-2-methylpropyl<dlethoxyBethyl)phosphinate, b.p. 
150'C/0.01 lobar, - + 45.8 and ♦ 45.7 ppn (CDCI3). 

Example 5 : 

a> A solution of 9.8 g of ethyl 3-aninobutyl(dlethoxyBethyl)- 
phosphlnate in 100 ml of 36 % aqueous hydrochloric acid Is heated 
to reflux for a period of 1 hour. The reaction nixture is then 
allowed to cool to room teiq>erature. concentrated under reduced 
pressure and co-evaporated twice with 10 al of water under reduced 
pressure. The crude product is then diaaolved in 20 ml of water, 
washed twice with 20 ml of diethyl ether and the aqueous layer la 
then separated and evaporated under reduced pressure. The crude 
product Is passed down a colunn of Dowex 50H-X2 eluted with water. . 
Fractions showing a ninhydrln positive teat are combined and 
evaporated under reduced pressure to give 3-aminobutylpho8phonou8 
acid (1/3 M H2O), n.p. 195-200*C, "P - ♦ 28.1 ppm (DjO). 

b) The starting naterlal may be prepared as follows: 
15.0 g of ethyl trinethylailyKdiethoxynethyDphosphonlte are added 
dropwise to a stirred solution of 3.9 g of methyl vinyl ketone under 
an atmosphere of nitrogen at room temperature. The mixture la then 
heated to 50" C for a period of 1 hour. The mixture is then allowed 
to cool to rooa teaperature, 25 nl of chloroform is then added 
followed by 10 nl water and this nixture la vigorously stirred for 
a period of 0.5 h. The organic layer is then separated, dried over 
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magnesium sulphate and concentrated under reduced pressure and the 
crude product distilled under reduced pressure to give ethyl 
3-oxobutyl(diethoxymethyl)phosphlnate, b.p. 130-1 SS^'C/0. 02 mbar, 
« + 45.3 ppm (CDCI3). 

To a solution of 8.0 g of ethyl 3-oxobutyl(diethox3rmethyl)* 
phosphinate in 100 ml of methanol Is added 22.8 g of ammonium 
acetate and 1 . 3 g of sodium cyanoborohydrlde. The mixture Is stirred 
under an atmosphere of nitrogen at room temperature for a period of 
2.5 h, and then left to stand overnight. The mixture is then 
acidified to pH 2 with the requisite amount of dilute hydrochloric 
acid and the methanol is evaporated under reduced pressure. The 
crude product is dissolved in 25 ml of water, washed twice with 
20 ml of diethyl ether and the aqueous phase is then made alkaline 
to pH 12 with potassium hydroxide. The solution is then saturated 
with sodium chloride and extracted with 3 x 25 ml of dlchloro- 
methane. The organic phase Is dried over magnesium sulphate , 
filtered and evaporated under reduced pressure and the crude product 
distilled to give ethyl 3-amlnobutyl(dlethoxymethyl)phosphlnate, 
b.p. 150**C/0.01 mbar, - + 46*1 ppm (CDCI3). 

Example 6 

a) A solution of 17.9 g of ethyl 3-amino-l-(4-chlorophenyl)propyl- 
(diethoxymethyl)phosphinate in 200 ml of 36 % aqueous hydrochloric 
acid Is heated to reflux for a period of 6 hours. The reaction 
mixture Is then allowed to cool to room temperature, concentrated 
under reduced pressure and co-evaporated twice with 50 ml of water 
under reduced pressure. The crude product is then dissolved In 50 ml 
of water, washed twice with 20 ml of diethyl ether and the aqueous 
layer is then separated and evaporated under reduced pressure. The 
crude product Is then dissolved in 50 ml of ethanol and 5 ml of 
propylene oxide is added dropwlse. The precipitated solid Is 
collected by filtration and dried to give 3-amino-l-(4-chloro- 
phenyDpropylphosphonous acid, m.p. 210-220*0, '^P « + 29.6 ppm 
(D2O). 
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b) The starting material nay be prepared as follows: 
A solution of 25.8 g of ethyl (dlethoxyaethyDphosphonlte and 18.0 g 
of 4-chloroclnnainonltrlle In 100 .l of ethanol Is added to a stirred 
mixture of 1.2 g of sodium hydride (50 % dispersion In oil) In 30 ml 
of ethanol at O'C under an atmosphere of nitrogen. The reaction 
mixture is allowed to warm to room temperature and stirred for 
4 hours. 1 ml of glacial acetic add Is added and the mixture Is 
concentrated under reduced pressure. The resulting crude product Is 
dissolved In 50 ml of ethyl acetate, washed twice with 25 ml of 
water and the organic extract is dried over magnesium sulphate, and 
then concentrated under reduced pressure. The crude product Is 
distilled under reduced pressure to give ethyl l-(4-chlorophenyl)- 
2-cyanoethyl(dlethoxymethyl)phosphlnate. b.p. 18O-20O"C/O.O2 mbar, 
»>P - + 37.9 and + 37.8 pp. (CDCI3). 

A solution of 20 g of ethyl l-(4-chlorophenyl)-2-cyanoethyl(dlethoxy- 
methyDphosphlnate In 85 ml of ethanol la added to 131 g of an 8 % 
solution of ammonia In ethanol. To this are added 8.5 ml of Raney 
Nickel and the resulting mixture Is hydrogenated at 1 bar until the 
theoretical amount of hydrogen has been taken up. The mixture Is 
then filtered, the filtrate Is concentrated under reduced pressure 
and the crude product la distilled under reduced pressure to give 

ethyl 3-»»ino-l-(4-chlorophenyl)propyl(dlethoxymethyl)phosphinate, 
b.p. 190»C/0.02 mbar, 3»P - + 41.5 and + 41.3 pp» (CDCI3). 

Example 7 

a) A solution of 10.5 g of ethyl 3-anlno-3-(4-chlorophenyl)propyl- 
(dlethoxymethyl)phosphlnate In 100 ml of 36 % aqueous hydrochloric 
acid Is heated to reflux for a period of 2 hours. The reaction 
mixture is then allowed to cool to room temperature, concentrated 
under reduced pressure, and co-evaporated twice with 25 ml of water 
under reduced pressure. The crude product Is then dissolved In 20 ml 
of water, washed twice with 20 ml of diethyl ether and the aqueous 
layer Is then separated and evaporated under reduced pressure. The 
crude product la dissolved in 50 ml of ethanol and 5 ml of propylene 
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oxide 1b added dropwlse. The precipitated solid 1b collected by 
filtration and dried to give 3-aiDino-3-(4-chlorophenyl)propyl- 
phosphonoua acid, in. p. 284-286*0, • + 27.2 ppm (DzO). 

b) The starting material nay be prepared as follows: 
17.7 g of ethyl trinethyl8ilyl(diethoxyiiiethyl)pho8phonite is added 
dropwise to a stirred solution of 11.7 g of 4*chlorophenyl vinyl 
ketone under an atmosphere of nitrogen, at room temperature. The 
reaction mixture is stirred for a period of 1 hour, 25 ml of 
chloroform is added followed by 10 ml of vater and this mixture is 
vigorously stirred for a period of 0.5 h. The organic layer is then 
separated, dried over magnesium sulphate and concentrated under 
reduced pressure to give ethyl 2-(4-chlorobenzoyl)ethyl(diethoxy- 
methyDphosphinate as an oil, ^^P » + 45.5 ppm (CDCla). 

To a solution of 25.4 g of ethyl 2-(4-chlorobenzoyl)ethyl(diethoxy- 
methyDphosphlnate in 200 ml of methanol is added 52 g of ammonium 
acetate and 4.23 g of sodium cyanoborohydride • The mixture is 
stirred under an atmosphere of nitrogen at room tcnnperature for a 
period of 3 days. The mixture is then acidified to pH 2 with the 
requisite limount of dilute hydrochloric acid and the methanol is 
evaporated under reduced pressure. The crude product is dissolved in 
25 ml of water, washed twice with 20 ml of diethyl ether and the 
aqueous layer is then made alkaline to pH 12 with potassium 
hydroxide. The solution is then saturated with sodium chloride and 
extractd with 3 x 25 ml of dichloromethane. The organic phase ia 
dried over magnesium sulphate and then evaporated under reduced 
pressure to give ethyl 3-amlno-^3-(4-chlorophenyl)propyl(diethoxy- 
methyDphosphinate as a viscous oil, « 45.9 ppm (CDCla). 

Example 8 

a) A solution of 5.0 g of ethyl 3*amino-2-(4-chlorophenyl)propyl- 
(diethoxymethyl)phosphinate in 60 ml of 36 % aqueous hydrochloric 
acid is heated to reflux for a period of 1 h. The reaction mixture 
is then allowed to cool to room temperature t concentrated under 
reduced pressure and co-evaporated twice with 20 ml of water under 
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reduced pressure. The crude product is dissolved In 20 ml of water, 
washed twice with 20 «1 of diethyl ether and the aqueous layer Is ' 
then separated and evaporated under reduced pressure. The crude 
product is dissolved In 50 «1 ethanol and 5 ml of propylene oxide is 
added dropwise. The precipitated solid Is collected by filtration 
and dried to give 3-ainlno-2-(4-chlorophenyl)propylphoaphonous add 
(1/3 M HzO). B.p. 235-240«C, »»P - + 23.9 ppn (D20). 

b) The starting material may be prepared as follows: 
To a solution of 1.16 g of dllsopropylamlne In 40 ml of tetrahydro- 
furan at -78''C under an atmosphere of nitrogen are added 7.2 ml of a 
1.6M solution of n-butylllthltin In hexane. This solution is then 
stirred for a period of 10 minutes at this temperature, after which 
time a solution of 2.0 g of ethyl (dlethoxymethyDmethylphosphlnate 
In 20 ml of tetrahydrofuran Is added. This mixture is then stirred 
for a period of 1 hour at -78«C after which time a solution of 
1-75 g of 4-chloro-B-nltrostyrene In 20 ml of tetrahydrofuran Is 
Introduced. This mixture Is then allowed to warm to room temperature 
when 40 ml of a saturated annonlum chloride solution Is added. The 
aqueous layer is then extracted with 2 x 25 ml of diethyl ether and 
the organic extracts are combined and dried over magnesium sulphate. 
The solvent is then evaporated under reduced pressure and the crude 
product chromatographed on silica gel using ethyl acetate as an 
eluent to give ethyl 2-(4-chlorophenyl)-3-nltropropyl(dlethoxy- 
■ethyDphosphinate as a viscous oil, "P . + 42.2 and + 41.8 ppn 
(CDCla). 



A solution of 8.0 g of ethyl 2-(4-chlorophenyl)-3-„ltropropyl- 
(dlethoxymethyDphosphlnate In 70 ml of ethanol Is added to 64 g of 
an 8 % solution of ammonia in ethanol. To this are added 8 ml of 
Raney Nickel and the reaultlng mixture is hydrogenated at 1 bar 
until the theoretical amount of hydrogen has been taken up. The 
mixture is then filtered and the filtrate is concentrsted under 
reduced pressure to give ethyl 3-amlno-2-(4-chlorophenyl)propyl- 
(dlethoxymethyl) phosphlnate as a viscous oil, »»P - + 44.2 and 
44.1 ppm (CDCI3). 
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Example 9 

a) A solution of 1.4 g of ethyl 3-ain±no-2-cyclohexylpropyl(dlethoxy- 
methyDphosphlnate in 30 ml of 36 % aqueous hydrochloric acid is 
heated to reflux for a period of 1 hour. The reaction mixture is 
then allowed to cool to room temperature , concentrated under 
reduced pressure and co-evaporated twice with 10 al of water under 
reduced pressure. The crude product is then dissolved in 20 ml of 
water washed twice with 20 ml of diethyl ether and the aqueous layer 
is then separated and evaporated under reduced pressure. The crude 
product is dissolved in 50 ml of dry ethanol and 5 ml of propylene 
oxide is added dropwise. The precipitated solid is collected by 
filtration and dried to give 3-amino*2-cyclohexylpropylphosphonou8 
acid m.p. 235-240''C, • 28.2 ppm (D2O). 

b) The starting material may be prepared as follows: 

To a solution of 5.8 g of diisopropylamine in 40 ml of tetrahydro- 
furan at -78**C under an atmosphere of nitrogen are added 35.7 ml of 
a 1.6M solution of n-butyllithium in hexane. This solution is then 
stirred for a period of 10 minutes at this temperature, after which 
time a solution of 10.0 g of ethyl (diethoxymethyl)methylpho8phinate 
in 20 ml of tetrahydrofuran is added. This mixture is then stirred 
for a period of 1 hour at -78^C after which time a solution of 8.5 g 
of B-nitrostyrene in 20 ml of tetrahydrofuran is introduced. This 
mixture is then allowed to warm to room temperature when 40 ml of a 
saturated ammonium chloride solution is added. The aqueous layer is 
then extracted with 2 x 25 ml of diethyl ether and the organic 
extracts are combined and dried over magnesium sulphate. The solvent 
is then evaporated under reduced pressure and the crude product 
chromatographed on silica gel using ethyl acetate as an eluent to 
give ethyl 3-nitro-2-phenylpropyl(diethoxymethyl)phosphinate as a 
viscous oil, « + 42.3 and + 42.0 ppm (CDCla). 

A solution of 1.0 g of ethyl 3-nitro-2-phenylpropyl(diethoxymethyl)- 
phosphlnate in 25 ml of ethanol is added to 25 g of an 8 % solution 
of ammonia in ethanol. To this are added 0.5 ml of Raney Nickel and 
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the resulting fixture hydrogenated at 1 bar until the theoretical 
amount of hydrogen haa been taken up. The mixture is then filtered 
and the filtrate la concentrated under reduced pressure to give 

ethyl 3-a«ino-2-phenylpropyl(dlethoxy»ethyl)pho8phinate as a viscous 
oil. 3ip - + 44.4 pp„ (CDCI3). 

A solution of 3.45 g of ethyl 3-a»lno-2-phenylpropyl(dlethoxy- 
methyDphosphlnate In 25 „1 of tertiary butanol la added to 2.0 g 
of 5 % rhodluB, In alumina, suspended In 25 ml of tertiary butanol 
The resulting mixture is hydrogenated at an atmosphere of 150 bar 
and temperature of 100»C for a period of 20 hours. The fixture 1. 
then filtered and the filtrate la concentrated under reduced 
pressure. The crude product Is chromatographed on silica gel using 
ethanol as eluent to give ethyl 3-«nlno-2-cyclohexylpropyl(dlethoxy- 
»ethyl)phoaphlnate as a vlscoua oil. - 47.1 and + 47.0 ppm 

(CDCI3). 



Example 10 

a) A solution of 3.5 g of ethyl 3-a«i„o-2.benzylpropyl(dlethoxy- 
methyDphosphinate in 35 ml of 36 % aqueous hydrochloric add Is 
heated to reflux for a period of 3 hours. The reaction mixture is 
then allowed to cool to room temperature, concentrated under reduced 
pressure and co-evaporated twice with 20 ml of water under reduced 
pressure. The crude product Is dissolved In 20 ml of water, washed 
twice with 20 ml of diethyl ether and the aqueous layer is then 
eeparated and evaporated under reduced pressure. The crude product 
la dissolved In 50 ml ethanol and 5 ml of propylene oxide is added 
dropwlse. The precipitated solid 1. collected by filtration and 
dried to give 3-a»l„o-2-benzylpropylpho8phonous add. 
B.p. 205-212-C. 3,p . ^. 26.1 pp„ (d,o). 

b) The starting material may be prepared as follows i 
To a solution of 0.97 g of dllsopropylamlne in 40 ml of tetra- 
hydrofuran at -78-C under an atmosphere of nitrogen are added 6.0 ml 
of a 1.6 M solution of n-butylllthlu» In hexane. This solution la 
then sdrred for a period of 10 minutes at this temperature, after 
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which time a solution of 2,0 g of ethyl 2~cyanoethyl(diethoxy- 
«ethyl)pho8phinate in 10 ml of tetrahydrofuran is added. This 
sixture is then stirred for a period of 1 hour at -78**C after which 
time a solution of 1.4 g of benzyl bromide in 10 ml of tetra- 
hydrofuran is introduced. This mixture is then allowed to warm to 
room temperature when 40 ml of a saturated ammonium chloride 
solution is added. The aqueous layer is then extracted with 2 x 
25 ml of diethyl ether and the organic extracts are combined and 
dried over magnesium sulphate. The solvent Is then evaporated under 
reduced pressure and the crude product chroma to graphed on silica gel 
using ethyl acetate as an eluent to give ethyl 2-ben2yl-2-cyano- 
ethyl(dlethoxymethyl)phosphinate as a viscous oil, 
3ip m + 40.7 and + 40.5 ppm (CDCI3). 

A solution of 3.5 g of ethyl 2-benzyl-2~cyanoethyl(diethoxymethyl)- 
phosphinate in 50 ml of ethanol is added to 25 g of an 8 % solution 
of ammonia in ethanol. To this are added 2 ml of Raney Nickel and 
the resulting mixture Is hydrogenated at 1 bar until the theoretical 
amount of hydrogen has been taken up. The mixture Is then filtered 
and the filtrate is concentrated under reduced pressure to give 
ethyl 3-amlno-2-benzylpropyl(dlethoxymethyl)phosphlnate as a 
viscous oil, • + 46.3 ppm (CDCI3). 

Example 11 : A solution of 5.0 g of ethyl 3-amino-2-(4-chlorophenyl)- 
propyKdlethoxymethyDphosphinate In 60 ml of 36 % aqueous hydro- 
chloric acid Is heated to reflux for a period of 1 hour. The 
reaction mixture is then allowed to cool to room temperature, 
concentrated under reduced pressure, and co-evaporated three times 
with 20 ml of water under reduced pressure to give 3-amino-2-(4- 
chlorophenyl)propylphosphonous acid hydrochloride, as a hygroscopic 
solid. « + 30.1 ppm (D2O). 
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Exawple 12; A solution of 0.25 g of 3-aiiiino-2-(4-chlorophenyl)- 
propylphosphonous add In 10 ml of 0.1 M sodium hydroxide solution 
is stirred at room temperature for a period of 1 hour, and then 
concentrated under reduced pressure to give sodium 3-amino-2-(4- 
chlorophenyDpropylphosphlnate as a hygroscopic solid, 
»»P • + 26.0 ppm (D2O). 

Example 13 

a) A solution of 4.0 g of ethyl 3-amino-2-phenylpropyl(dlethoxy- 
methyDphosphlnate In 40 ml of 36 % aqueous hydrochloric acid Is 
heated to reflux for a period of 2 h. The reaction mixture is then 
allowed to cool to room temperature, concentrated under reduced 
pressure and co-evaporated twice with 20 ml of water under reduced 
pressure. The crude product is dissolved in 20 ml of water, washed 
twice with 20 ml of diethyl ether and the aqueous layer is then 
separated and evaporated under reduced pressure. The crude product 
is dissolved in 50 ml ethanol and 5 ml of propylene oxide is added 
dropwlse. The precipitated solid is collected by filtration and 
dried to give 3-amlno-2-phenylpropylpho8phonous acid m.p. 228-235'C, 

- + 24.3 ppm (DaO). . 

b) The starting material may be prepared as follows: 

To a solution of 5.8 g of diisopropylamine in 40 ml of tetrahydro- 
furan at -78*C under an atmosphere of nitrogen are added 35.7 ml of 
a 1.6 M solution of n-butyllithium in hezane. This solution is then 
stirred for a period of 10 minutes at this temperature, after which 
time a solution of 10.0 g of ethyl (diethoxymethyl)methylphosphinate 
in 20 ml of tetrahydrofuran is added. This mixture is then stirred 
for a period of 1 hour at -78'C after which time a solution of 8.5 g 
of 8-nitrostyrene in 20 ml of tetrahydrofuran is introduced. This 
mixture is then allowed to warm to room temperature when 40 ml of a 
saturated ammonium chloride solution is added. The aqueous layer is 
then extracted with 2 x 25 ml of diethyl ether and the organic 
extracts are combined and dried over magnesium sulphate. The solvent 
is then evaporated under reduced pressure and the crude product 
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chromatographed on silica gel using ethyl acetate as an eluent to 
give ethyl 3-nltro-2-phenylpropyl(dietho3cyTOethyl)phosphinate as a 
viscous oil, - + 42.4 and + 42.0 ppm (CDCI3). 

A solution of 5.7 g of ethyl 3-nitro-2-phenylpropyl(diethoxyiBethyl)- 
phosphinate in 60 ml of ethanol is added to 50 g of an 8 % solution 
of ammonia in ethanol. To this are added 9 ml of Raney Nickel and 
the . resulting mixture is hydrogenated at 1 bar until the theoretical 
amount of hydrogen has been taken up. The mixture is then filtered 
and the filtrate is concentrated under reduced pressure to give 
ethyl 3-amino-2-phenylpropyl(diethoxymethyl)phosphinate as a viscous 
oil, - + 44.4 ppm (CDCla)- 

Example 1 4 ' 

a) A solution of 4.4 g of ethyl 3-aroino-2-(4-f luorophenyDpropyl- 
CdiethoxymethyDphosphinate in 40 ml of 36 % aqueous hydrochloric 
acid is heated to reflux for a period of. 2 h. The reaction mixture 
is then allowed to cool to room temperature,,. concent rated under 
reduced pressure and co-evaporated twice with 20 ml of water under 
reduced pressure. The crude product is dissolved in 20 ml of water, 
washed twice with 20 ml of diethyl ether and the aqueous layer is 
then separated and evaporated under reduced pressure. The crude 
product is dissolved in 50 ml ethanol and 5 ml of propylene oxide is 
added dropwise. The precipitated solid is collected by filtration 
and dried to give 3-amino-2-(4-f luorophenyDpropylphosphonous acid 
(1/3 M H2O), m.p. 225-235*0, - + 24.1 ppm (DzO) . 

b) The starting material may be prepared as follows: 
To a solution of 5.8 g of dlisopropylamine in 40 ml of tetrahydro- 
furan at -7S*C under an atmosphere of nitrogen are added 35.7 ml of 
a 1.6 M solution of n-butyllithium in hexane. This solution is then 
stirred for a period of 10 minutes at this temperature, after which 
time a solution of 10.0 g of ethyl(diethoxymethyl)methylphosphjnate 
in 20 ml of tetrahydrofuran is added. This mixture is then stirred 
for a period of 1 hour at -78'*C after which time a solution of 
7.96 g of 4-fluoro-B-nltrostyrene in 20 ml of tetrahydrofuran is 



' " 0181833 

Introduced. This mixture Is then allowed to warm to room temperature 
when 40 ml of a saturated ammonium chloride solution Is added. The 
aqueouB layer la then extracted with 2 x 25 ml of diethyl ether and 
the organic extracts are combined and dried over magnesium sulphate. 
The solvent Is then evaporated under reduced pressure and the crude 
product chromatofrraphed on silica gel using ethyl acetate as an 
eluent to give ethyl 2-(4-fluorophenyl)-3-nltropropyl(dlethoxy- 
methyDphosphlnate as a viscous oil, »»P - + 42.3 and + 41.9 ppa 
(CDCI3). 



A solution of 5.0 g of ethyl 2-(4-fluorophenyl)-3-nltropropyl- 
(dlethoxymethyl)phosphlnate in 50 ml of ethanol la added to 40 g of 
an 8 % solution of ammonia in ethanol. To this are added 7 ml of 
Raney Nickel and the resulting mixture is hydrogenated at 1 bar 
until the theoretical amount of hydrogen has been taken up. The 
mixture is then filtered and the filtrate is concentrated under 
reduced pressure to give ethyl 3-amlno-2-(4-f luorophenyDpropyl- 
(dlethoxymethyl)pho8phinate as a viscous oil, 3ip - + 44.4 ppn 
(CDCI3). 

Example 15 

a) A solution of 3.7 g of ethyl 3-amino-2-(4-methylphenyl)propyl- 
(diethoxymethyl)phosphinate in 40 ml of 36 % aqueous hydrochloric 
acid la heated to reflux for a period of 1 h. The reaction mixture 
is then allowed to cool to room temperature, concentrated under 
reduced pressure and co-evaporated twice with 20 ml of water under 
reduced pressure. The crude product is dissolved in 20 ml of water, 
washed twice with 20 ml of diethyl ether and the aqueous layer is ' 
then separated and evaporated under reduced pressure. The crude 
product Is dissolved In 50 .1 ethanol and 5 ml of propylene oxide is 
added dropwlse. The precipitated solid Is collected by filtration 
and dried to give 3-amino-2-<4-»ethylphenyl)propylpho3phonous 
acid, m.p. 250-255*0, ^ip « + 24.5 ppm (DgO). 
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b) The starting material nay be prepared as follovs: 
To a solution of 8*7 g of diisopropylamlne In 40 ml of tetrahydro- 
furan at ->78^C under an atmosphere of nitrogen are added 53*6 ml of 
a 1.6 M solution of n*-butylllthiuin In hexane. This solution Is then 
stirred for a period of 10 minutes at this temperature , after which 
time a solution of 15.0 g of ethyl(dlethoxymethyl)roethylphosphlnate 
In 20 ml of tetrahydrofuran Is added. This mixture Is then stirred 
for a period of 1 hour at -78"C after which time a solution of 
11.6 g of 4-inethyl-B-nitro3tyrene in 20 ml of tetrahydrofuran Is 
introduced. This mixture is then allowed to warm to room temperature 
when 40 ml of a saturated ammonium chloride solution is added. The 
aqueous layer is then extracted with 2 x 25 ml of diethyl ether and 
the organic extracts are combined and dried over magnesium sulphate. 
The solvent is then evaporated under reduced pressure and the crude 
product chromatographed on silica gel using ethyl acetate as an 
eluent to give ethyl 2-(4-methylphenyl)-3-nltropropyl(diethoxy- 
methyl)phosphinate as a viscous oil, '^P « 4- 42.5 and 42.1 ppm 
(CDCI3). 

A solution of 6.5 g of ethyl 2r-(4-methylphenyl)-3-nltropropyl- 
(diethoxymethyl)phosphlnate in 60 ml of ethanol Is added to 52 g of 
an 8 % solution of ammonia in ethanol. To this are added 8 ml of 
Raney Nickel and the resulting mixture is hydrogenated at 1 bar 
until the theoretical amount of hydrogen has been taken up. The 
mixture is then filtered and the filtrate Is concentrated under 
reduced pressure to give ethyl 3-amino-2-(4-methylphenyl)propyl- 
(dlethoxymethyl)phosphlnate as a viscous oil, ^^P « 44.6 ppm 
(CDCI3). 



Example 16 

a) A solution of 4.6 g of ethyl 3-amlno-2-(4-methoxyphenyl)propyl- 
(dlethoxymethyDphosphlnate In 30 ml of 36 % aqueous hydrochloric 
acid Is heated to reflux for a period of 1 hour. The reaction 
mixture is then allowed to cool to room temperature » concentrated 
under reduced pressure and co-evaporated twice with 20 ml of water 
under reduced pressure. The 'crude product Is dissolved in 20 ml of 
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vater. washed twice with 20 nl of diethyl ether and the aqueous 
layer Is then separated and evaporated under reduced pressure. The 
crude product Is dissolved in 50 ml ethanol and 5 «1 of propylene 
oxide la added dropwlse. The precipitated solid is collected by 
filtration and dried to give 3-amlno-2-(4-n.ethoxyphenyl)propyl- 
phosphonous acid (1/2 M HzO), m.p. 260-265''C, 3»P - + 24 5 i,i>» 
(DzO). ' 

b) The starting material nay be prepared as follows: 
To a solution of 8.7 g of dllsopropy lamina in 40 ml of tetrahydro- 
furan at -78»C under an atmosphere of nitrogen are added 53.6 ml of 
a 1.6 M solution of n-butylllthlu« in hexane. This solution is then 
stirred for a period of 10 ainutes at this temperature, after which 
time a solution of 15.0 g of ethyl (diethoxymethyDmethylphosphlnate 
in 20 ml of tetrahydrofuran is added. This mixture is then stirred 
for a period of 1 hour at -78»C after which time a solution of 
12.8 g of 4-»ethoxy-B-nltro8tyrene in 20 ml of tetrahydrofuran is 
Introduced. This mixture la then allowed to warm to room temperature 
when 40 ml of a saturated a«.onl»» chloride solution Is added. The 
aqueous layer Is then extracted with 2 x 25 ml of diethyl ether and 
the organic extracts are combined and dried over magnesium sulphate. 
The solvent Is then evaporated under reduced preseure and the crude 
product chromatographed on silica gel using ethyl acetate as an 
eluent to give ethyl 2-(4-methoxyphenyl)-3-nitropropyl(dlethoxy- 
methyDphosphlnate aa a viscous oil. »tp . + 42.4 and + 42.1 pp„ 
(CDClj). 

A solution of 6.6 g of ethyl 2-(4-«ethoxyphenyl)-3-nltropropyl- 
(dlethoxymethyl)phosphlnate in 50 ml of ethanol la added to 52 g of 
an 8 % solution of ammonia in ethanol. To this are added 8 ml of 
Raney Nickel and the resulting mixture Is hydrogenated at 1 bar 
until the theoretical amount of hydrogen ha. been taken up. The 
mixture is then filtered and the filtrate 1. concentrated under 
reduced pressure to give ethyl 3-a»l„o-2-(4-methoxyphenyl)propyl- 
(dlethoxymethyDphosphinate as a viscous oil, »»P - + 44.5 
(CDCI3). ' 
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Example 17 ; Preparation of 10,000 tablets each containing 10 ng of 
the active ingredient with a formula as follows: 



S'-aiainopropylphosphonous acid 

Lactose 

Com starch 

Polyethylene glycol 6,000 
Magnesium stearate 
Purified water 



100.00 g 
1,157.00 g 
75.00 g 
75.00 g 
18.00 g 
q.s* 



Procedure: All the powders are passed through a screen with openings 
of 0.6 mm. Then the drug substance, lactose, magnesium stearate and 
half of the starch are mixed in a suitable mixer. The other half of 
the starch is suspended in 40 ml of water and the suspension added 
to the boiling solution of the polyethylene glycol in 150 ml of 
water. The paste formed is added to the powders which are 
granulated, if necessary, with an additional amount of water. The 
granulate is dried overnight at 35*C, broken on a screen with 1,2 mm 
openings and compressed into tablets with 6.4 mm diameter, uppers 
bisected. 

Example 18 : Preparation of 10,000 capsules each containing 25 ng of 
the active ingredient with a formula as follows: 



3-amlno-2-( 4-chlorophenyl)- 
propylphosphonous acid 

Lactose 



250.0 g 
1; 750.0 g 



Procedure: All the powders are passed through a screen with openings 
of 0.6 mm. Then the drug substance is placed in a suitable mixer and 
mixed with the lactose until homogenous. No. 3 capsules are filled 
with 200 mg using a capsule filling machine. 
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Similarly prepared are tablets and capsules conprlaing as active 
ingredients 10«>100 ng of other compounds of the invention* e.g. 
those given in the examples herein* 
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We claim: 



!• Compounds of the formula I, 



HO, 




:h — mz 



I 



in which one of the groups , and represents hydrogen, 
Ci-B-alkyl, C3-6-cycloalkyl, phenyl optionally substituted by 
halogeno, Ci-i»-alkyl, Ci-i,-alkoxy and/or trlf luoromethyl, or 
Cy^i o"phenylalkyl optionally substituted in the phenyl moiety by 
halogeno, Ci-i#-alkyl, Ci-^-alkoxy and/or trif luoromethyl, and the 
other two are hydrogen, or salts thereof. 

2. A compound according to claim 1 and having the formula I, in 
vfaich R* and R^ are hydrogen, and R* is hydrogen or phenyl, op- 
tionally substituted by halogeno, Cj-n-alkyl, Ci— i|-alkoxy and/or 
trif luoromethyl , or a salt thereof. 

3. A compound according Ho claim 1 and having the formula 1, in 
which R* and R^ are hydrogen, and R* is hydrogen or halogenophenyl , 
or a salt thereof. 

4. A compound according to claim 1 and having the formula I, in 
which R* and R^ are hydrogen, and R^ is hydrogen, 4-chloro-phenyl or 
A— f luorophenyl, or a salt thereof. 

5* A compound as claimed in claim 1 and being 3-amlnopropylphos— 
phonous acid or a salt thereof. 

6. A compound as claimed in claim 1 and being 3-amino-2-(4-chloro- 
phenyl )propylpho 8 phonous acid or a salt therof • 
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?• The compounds of claims 1 to 4 and 6 having an asynnnetric carbon 
atom in the form of a racemate or of the optical antipodes, and 
salts therof. 

8. The acid addition salts of the compounds of formula I. 

9. The pharmaceutically acceptable salts of the compounds of 
formula I. 

10. Process for the production of a compound of formula I which 
comprises, in a compound of formula II, 



in which , R^ and R^ are as defined in claim 1 , 2 is -NHa or a 
protected amino group Z**, Q is hydrogen or a protecting group Q° and 
R is hydrogen, Ci-j,-alkyl or an alkali metal or ammonium cation, 
replacing the group R^ by hydrogen or by an alkali metal or ammonium 
cation, and replacing the group Q when it is Q° by hydrogen and 
converting the group 2 when it is a protected amino group into 
— NH2, or, in a compound having the formula VIII, 



^ — Ih — Ih-o« 



VIII 



wherein R^ and R* are as defined in claim 1 and X is a group capable 
of conversion into a group of formula Id, 



r 

-CH-NH2 Id 



in which is as defined in claim 1, converting the group X into a 
group of formula Id, and wherein, if desired, any resulting salt is 
converted into the free compound or into another salt and/ or, if 
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desired, any resulting free compound is converted Into a salt 
and/or. If desired resulting mixture of isomers Is separated into 
the single isomers. 

11. The new compounds obtainable according to claim 10. 

12. A process for producing a compound of formula I substantially as 
described with reference to any of the Examples. 

13* A compound of formula I when produced by a process described in 
any of claims 10 to 12. 

14. Compounds of formula I substantially as described with 
reference to any of the Examples. 

15. A pharmaceutical preparation comprising a compound claimed In 
any one of claims 1 to 9, in admixture or conjunction with a 
pharmaceutically suitable carrier. 

16. A compound named in any one of claims 1 to 9 for use in a 
therapeutic method of treating humans and animals. 

17. A compound named in any one of claims 1 to 9 as muscle relaxant 
agent. 

18. A compound named in any one of claims 1 to 9 as anticonvulsant 
agent* 

19. A compound named in any one of claims 1 to 9 as analgesic agent. 

20. The use of a compound of any one of claims 1 to 9 in producing 
of a pharmaceutical preparation. 

21. Process for the manufacture of a pharmaceutical preparation, 
wherein a product as claimed in any of claims 1 to 9 is worked up 
with a pharmaceutical carrier. 
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22. The use of a compound of any one of claims 1 to 9 for the 
.anufacture of a pharmaceutical preparation for application as 
nuscle relaxant. 

23. Compounds having the formula II, 



wherein Ri . and R» are as defined In claim 1 and Q. Z and R*' are 
as defined in claim 10. provided that, at least one of Q and R*^ Is 
other than hydrogen and/or 2 Is other than KHz and that when R« and 
q are each hydrogen, K*^ Is not alkyl. 

24. Process for the production of compounds of formula II comprising 
reacting In the presence of a basic catalyst or in the presence of 
agents forming free radicals, a compound of the formula III, 



III 



In which R*^ and Q are as defined In claim 10, with a compound of 
formula IV, 



IV 



In which Ri and R» are as defined In claim 1 and X Is a group 
capable of being converted Into a group of formula la. 

wherein R3 is as defined in claim 1 and Z Is as defined In claim 10, 
In order to produce a compound of formula V 
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and then converting the group X into a group of formula Ia» to 
produce a compound of formula II « 

25. Compounds of the formula, 

r'^^-o^ .0-S1R^ 

in which is as defined in claim 10, R*^*' is Ci-^-alkyl and each 
Is independently Ci-6-alkyl» the groups « r" and R^ being the same 
or different. 

26. Compounds of formula VI as claimed in claim 25 wherein R^ la 
Ci-2-alkyl. 

27. Compounds of formula VIA* 

R^-</V 

In which R^^ and R^ are as defined in claim 25 and R^, R^ and R^ are 
the same or different and are Ci-4-*alkyl. 

28. Ethyl trimethylsllyl (diethoxymethyDphosphonlte. 

29. Process for producing compounds of formula VI as defined in 
claim 25 comprising reacting, optionally in the presence of a basic 
catalyst, a compound of formula Ilia, 
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In which tf and are as defined in claim 25, with a suitable 
sllylatlng agent, 

30. Process according to claim 29 wherein the sllylatlng agent is 
hexamethyl disilasane. 

31. Compounds of formula VI substantially as described with re- 
ference to any of the Examples. 

32. Compounds having the formula IX 

«co ^ 0 
R — 



oy^ — -H— HO2 IX 



Q' 

wherein R» . R* and R> are as defined In clal» 1, Q*» Is as defined in 
claim 10 and R*"* Is as defined In claloi 25. 

33. Process for the production of a eo»pot>nd of formula IX compri- 
sing reacting a compound having the formula X, 




m which R», Q° and R*'*' are as defined in claim 32, in form of the 
anion of formula XI, 



XI 

Q © 



Wherein M Is an alkali or transition metal atom, with a compound of 
formula XII, 



XII 



-NOz 

wherein R* and R» are as defined in claim 1. FO 7.4 JL/eg* 
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